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SUMIHARY o T

The magnitude, the direction, and the fluoctuation of
towing forces exerted upon gliders by towing them aloft
.behind an automobile, by means of a winch, and by airplaxe
were measured under a variety of conditions covering a = _.
range rfrom gentle to severe types of ¢peration, For thesef"'"
tests the towing forces did not exceed 92 percenE of the ok
gross welght of the glider, L o T ST

‘The results indicate that in pulley and winch towipg
the towing forces are of about the same magnitude as in
automobile tow1ng. Speed increases in thé accelefhted o

can readily become critical as speeds in excess of placard
spcods can be attained. Passage through the slipstroam of
the bFowing alrplane can Do equivalent to a severo gusy
thatsy at high speced, may imposc high wing loads and ro- T Es
guire large control momonts. o

INTRODUCTION .

A Drovious investigatlon into the naturo and %he mag— R
nitudo of the towing forcos excrted on glidors has bocn o
r0portod in reference 1. That invcstigation was limited
%to threo utility types of glldor and to automobile and
airplanc towing. The tests indicated that the towing
forces depend largoly upor the touing tedhnlquo, that un-
dor favorable conditions they aroc 1n51gn1f1cant but that
in deliberately rough mancuvers, simulating cxtremely crude

~and lncxpericanced h,ndling, they can excoed onc and one- .
half times the gross weight, and that twice the gross = -
weight probably could be assumed as a reasonable design
logd limi%. : - : : -
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Since- the publicatiom of referenco 1, the Civil Aero-
nautics Authority has promulgated regulations (reference
2, pp. 20, 21) from which the following passages referring
to towing forces are quoted: _ ) e

"05,.250 ' General. The following requirements do not
apply to the entire glider strueture, dbut have par-
ticular reference to the towing and launching, and
holding fittings (and/or mechanisms) and the struc-
tures to which they are attached. These requlrements
are somewhat arbltrary in nature and will be suitadly
revised when setisfactory test results are available. T
A minimum~limit factor of safety of 1.0 and a mininum

ultinate factor of safety of 1.5 shall be used, un-—

less otherwise specified. See galso Paragraph 05.27 ) R
for multiplying factors of safety reguircd in certain

cases. : T

105,251 4 limit load of 1200 pounds or 3,0 times the L
gross weight, whichever 1s greater, shall be assumed ) _
to act in the following separate casest -

y 4
(a) TForward at the towing and launching fitting
(or mechanism), and-afb at the rear hold-
ing fitting. _ _ 4 _

(b) At the towing and launching fitting, and
dlrected forwvard and upwerd at an angle
of 30° with the longlitudinal axis.

(¢} A%t the towing and launching fitting, and
directed go“wcrd and downward at an an-
Zle of Y5 with the longitudinal axis. -

(d) 4t the towing and launching fitting, and
directed gorward and sideward at an an-
gle of 30 with the longitudinal axis.

"05.252 Unless the strength of the wing in resist-

ing rearward acting chord loads is equal to or great-

er than the strength againsgt forward acting chord . o
loads, suitable provision shall be made to provide L
adequate strength of wing drag trusses to resist chord
inertia loads developed in shock chord and winch

launclies " r

In order to extend guantitative experience t¢ cover
more broadly commonly used glider and sallplane types and
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varieties of towiig methods and flight conditions, addi-
tional tests were organiged-during 1940 and 1941 un¥er ~
‘contract for the NACA. These addibtional tests, described
herein, were conducted by the Southern California Soaring
Association, Inc., a group affillated with the Soaring
Society of America, Inc., and assisted by some members of
the Avions, an organigation of air-minded young high-
school students sponsored by the Natioral Aeronautical
Association. oo

TEST EQUIPMENT

Gliders

The gliders flown in the tests comprise representative
current types. The accompanying photographs (figs, 1 to 4)
show the gliders used in the investigationr, Table I shows
the various dimensions and data that have bearing upon the
interpretation of the tow-test results, T

The Bowlus Baby Albatross and the Briegled BGE6 glid-
ers (figs. 1 and 3) are intermediabe types commercially
manufactured and popular for training and soaring contests,.
The Stick and the Jensen gliders (figs. 2 and 4) are good

examples of exXperienced homne buildlng. N e

Typlcal of the Bowlus glider is the very small cock-
rit nacelle and the slender tall boom that eliminafes a ™~ — '~
complete fuselage. In Expedition I the Bowlus glidor was =~~~
equippod with a fixed stabilizer and convontional trailing
elovators, whoreas in Expodition II the &levator was of
the balanced "pendulum" type without any fixed stabilizor,
which arrangement is provided as standard oquipmont ‘of this
type of glider. Tho othor types tustod had conventional

fusolagos and emponnagos,. _ ) .= = ¢

The Stick glidor was homoe=bullt by Eorman Stiglmcier
who usod a Grunau II (Baby) wing and combincd it with a
fusclage design of his own. The Jonson two—soat sailplano,
tho scats sido-by-side, was desighod and homné~built by
Volmer Jensen. It has a highly tapered ging of symmetrlical
profile; with the WACL 00Ll8 airfoil at 7 ingidence at the
root tapering to the NACA 0012 airfoil and 3 incidence at
the tip, and with pronounced dihedral. The wing is equipped
with spoilers and landing flaps, the latter extending ever
the inner third of the wing span. The empenngge and the
fuselage are of conventional plywood counstruction. On
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flights 30 through 33 ths glider was towed up with the
flaps approximately 15° down. ZEach of the gliders was
egulpped with a single wheel approximately under the cen-—
ter of gravity with a nose~landing skid ahead of it.

Instruments

The following instruments were carried aboard the
glider during the tests:

(a) A l-square—inch hydraullc piston—~trpe tensiome-
ter, made by V. Jensen and E. J. Stiglmeier,
transmitting oil pressure through a flexiblo
hose to an oll pressure gage of e¢itHor 500~ ox
1000~pound range (flg, 5), was used to measure
the towing forces. Tho tensiomoeter was repeat-
edly callbratoed. A calibration chart is pre-—
.sented in figure 10,

(b} A motlon-picturc camera mountod on an outrizger
extending forward below one wing (seec fig. 1)
was used in EBxpcditions I, II, III, and IV for
recording in flight the roadings of ar impro-—
viged extcernal instrument board. In Expedi~
tions V to VII the camera waé mountced above
and back of the pilot's shoulder to phobtograph
the ingtrument board in the glider cockpit.

(¢) & socond motion-picturo cameora mounted in tho
noge of the glideor was uscd in the airplanc’
towing flights of Expedition V tq p“otobraph
the towing ship.

(d) Extornal instrument board (figs. 1, 24 and 6),
containing an altimetor, a rato-of-climdb metor,
an airspoed moter, and (in Expeditions III to
TI) a-clock having a 1/4-sccond escapomsnt,

(e} A protractor (fig. 6) mounted at the towlng hook
for dsternining the angle botween the towlina
and the fuselage reference line.

|-
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TESTS

Towing Technique

The present tests compzlse several towing techniques.
In Expeditions I, II, and VI the glider was towed aloft
behind an automobile. In these tests, which were made on
a desert dry lake whose immense perfectly flat, smooth area
pernits a car to be driven at 50 to 60 miles per hour for
several niles in any direction, a long towline was used.
The towline consisted of 1200 feet of number 12 galvanized
fence wire in Expedition II and a 50~foot length of 3/8-
inch lanila rope snubber line at each end of the 1200 feet
of steel wire in EBxpedition I; in Expedition VI the towing
‘wire was 1800 feet long, 14 gage, with 25 feet of snubber
rope inserted at the upver end only and with a 3-foot par-
achute snapped to the junection. The snubber ropes dbroke
in £light 2 (at lower end) and flight 3 (at upper end)
-soon after the start when an inexperienced tow-car driver
shifted Jerkily into high gear. In flight 5 the towing
wire broke at a kink, at low altitude. In all other
flights the towline was released deliberately by the pllot
under nmoderate load. In the other flights the tow car
accelerated steadlly and cruised at speeds between 40 and
55 miles per hour. In the dry-lake operation the glider =~
could hang on for several ninutes and execute turns while
8%111l in tow. The towling care were a 1939 Lincoln-Zephyr
sedan in Expedition I, a 1936 Ford convertible in Expedi-
tion II, and a 1938 De Soto sedan in Expedition VI.

Expedition IV was devoted to the so-called pulley
nethod in which %he rope is slung over a pulley fastened
to the rear bumper of the towing car (fig. 7) and the end
of the rope is anchored on a "dead-man" or stake driven
into the grounda. This method is resorted to where the
runwvay for the car is extremely short or so rough as %o
limit the car speed, The initlal bowing speed 1s twice
the car speed. In the steeper phases the pulley method is
comparabls to the winch inasmuch as its free line gets
shorter and shorter, The towline was a 1/2-inch Manila
rope. The pulley had a 3-inch sheave diameter. A 1927
Chevrolet coupé served as towing car and was driven at 17
%o 20 niles per hour. The towing cars were drivem by driv-
ers 1aving eXxperience in glider towing except in the two
instances previously nentioned.'

In Expedition III the glider was launched by means of
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"a power winch, This winch had been built by Jay Buxton in
1936 oané had been used in over 1500 launchings including
three rogional sgoaring contests. The winch is shown in
figure 8. It serves to wind the towing rope on a drum, the
diameter of which grows from 10 inches at the beginrning to
18 inches when full of rope. The rope is led over an over-
hesad gulde pulley and is evenly distributed over the 20
inches of drum width by a spooling device manually con-
trolled by the winch operator. '‘The drum 1s directly driven
by the drive shaft of a 6-cylinder, 1928 model Studebaker
autonobile engine. The clutch, the gear, the gas pedal,
and the shaft brake wers arranged to be operated from a
seat facing the glider. ALl of the present winch launche-
ings were nade in second gear without shifting. The tow-
line consisted of 7/16-inch ilanila rope, over 24Q0 feet of
which was mayed out from the wineh to the gflider to be
launched. About 1500 feet of this rope was hauled in by
the winch, which was smoothly acceleranted to full speed
and finglly slowed down to slignal the pllot that he should
release, The winch was operated by an experienced oper-
ator, himeelf a glider pilot.

In Expeditions'V and VII the glider was Sowed behind
an alrnlane. The towing plane was a Spartan open cockpisd
twomseat biplane WO 856l powered by & l7H-horsepowsr J-6-5
Wright engine. The line, the spliced-in end ring of which
vas attached to a guick-release hook improvisedly mounted
on the tailwwheel fork of the towing airplane (fig. 9),
had a length of avproxinately 450 feet. It consisted of
450 feet of 5/16-inch llanila rope in flights 24, 25, and
26, After 1% had eventually broken in £light at a worn
splice knot, a length of avproximnately 350 feet of number
11 steel wire to which was spliced 100 feet of 5/1l6~inch
ldanila rope at the rear end was substituted in flights 27
and 28, In flights 34 and 35 a iianila rope of 7/l6-inch
minimum diameber was used. This rope broke in a violent
naneuver in £iight 34, wvhereurpon %the ends were knotted to-
gether for the last short flight.

In these airplane towing flights the "locomotive
alrplane climbed steadily to about 2000 feet, flying ei-
ther straight or making gentle turns until the glider pi-
lot released at his end, whereupon the towing sairplane
would return to the alrport to drop the line and land. The
towing pilot reported that the drag of the glider decreased
the climb rate of the airplane from about 900 feet per min-
ute to about H00 or 800 feet per minute and decreased the
speed at full power by about 10 %o 15 miles per hour.
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Towing turns were executed at about a 10° bank. The pitche-
ing and %the yawing novenents applied by the towline to tae
tall when the gllder failed to track were easily corrected .
by elevator and rudder maneuvers, and the deceleration due
to towwpull peaks was usually small because such peaks

were of short duration, The maximum momentary speed drop
observed was reported as between 12 and 15 miles per hour
and was accompanied by a drop of 70 rpm. The airplane tow-
ing pilot tried to hold 60 to 65 mlles per hour by his alr-
speed meter. These flights were mads from a level airport
in the lowlands. '

llaneuvers . o -

The gliders were flown by experienced pilots irn all
of the experiments, In some of the tests the pilots at-
tempted to fly according to approved conventional towing
technique of moderate and steady c¢climbing at moderate _ o
speed without excessive or severe maneuvering. In some of
the other flights spontansous porpoising (reference l) was
observed 1i1n a nlld degree and in nany instances the same -
typical porpoising oscillagtions were dellberately fanned
by the pilot 1instead of damped, in an effort to slimulate
typlcal inexmnerisenced students! mistakes and to create un-
usually severe two-force peasks. Steep climbs were mnade
deliberately in a few of the flights.

Only casual attentiorn was pald to.the lateral and the
&irectional stability. DLarge rolling anplitudes wers re-
pegtedly allowed to build up in several fiights. The naian-
tenance of course in tracking was very good in all flights
except one when deliberate yawing was practiced,

In the alrcraft towing flights the glider was taken
off the ground as soon as it attained Fflying speed and then
was flown low %o give the locomotive a chance to take off,
Nornally the glider pilot attenmpted to:-track behind the
towing airplane and to fly a few feet higher. Repeatedly,
however, he would deliberately fly higher, lower, off to
one side, vr through the propeller slipstrean, or he would
allow the towline to slacken and then to Jork taub. Durw
ing part of one flight the glidor pilot deliberately nade
repcated violent veering naneuvers6 first allowing the rope
to slackon, thon turning 15 .to 30  away fron the path of
the towlng airplane until the rope snapped taut and Jerked
the plane, thus inparting a vioelent .yawlng nonent and a
hilgh foarward acceleration to 1t. . In the last mansuver,
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whlch was warticularly vicious, the towline actually broke
whom  the glider veered away to the right while the towing
airplane made a left turn. These violent maneuvers were
executed to simulate bad pilots! serrors. They apvesared
extreme in severity, rougher than any reasonably trained
pllot should inadvertently encounter. The alrspeed peaks
actually excesded the placard speed and reached 85 mlles
per hour, although -the towing alrplane kept a relatively
smooth pace at 60 to 65 miles per hour indicated speed..
The Jjerks did not appreciably affect the towing plane, al~
though 1ts pilot could feel them at the slevator and rud-
der controls.

Topography of Sites

Wind veloecity, gradient, and gustiness are recognlzed
0 have a narked influence upon the severity of the towing
operation., The topography of the gite also influences
this severity, lnasnmuch ag 1t affects the wind structure
and the motion of the towing vehicle. The sites at which
the present tests were conducted are typical of Oaliforniae )
glider—zctivity places. . ) . o o r

Rosamond Dry Lake is a perfectly flat dry lake bed
covering about 25 square miles, situated in a vast senl. v
desert valley ringed by desert mounbtain ranges 15 to 26
miles away. It is a favorlte and typilcal Western slte forx
glider—-student training., The altitude is approximately
2200 feet, Occasionally gocod soaring thernals are found
there, :

Dominguez Field is a2 typical flat and level lowland
type of glider field, about 1% miles by § mlle extending
in the prevailing wind direction. The elevation 1ls 40 feet.
The Dominguez o0il-field hills adjoin it to the north. The
nearest seashores are 8 miles west and south, but ocean
winds are intercepted by the Palos Verdes and by the Tor-
rance 0311l-field hills.

‘Gardena Field is an alrport used for student traine-
ing. It has a smooth turf surface and is 6 miles fron the
coast in flat surroundings. The elevation is 50 feet., »

The site at Torrey Pines is a small plateauw on a rug-
ged cliff jubtting several hundred feet above the ocean and 4
offering an uniaterrupted though jagged barrier, which de-
flects the seoa breeze and extends for several mlles along
the coast north of La Jolla,
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Weather

. The following is a sumnary of the meteorological con-
ditions prevailing during the wvarious expeditions at the
Sites.

Expedlition I, October 9, 1940, at noon to Rosamond
Dry Lake.~ The day was warn, the air temperature wes 86°
and the sand temperature was 96°. A high-pressure area
wae bullding up over the dessrtb; as a result Los Angeles
experlenced a heat wave of over 90° A gusty desert wind
of up to 15 miles per hour veering between north and north-
weegt alternated with dead caln,

The small thermal- clouds forming and evaporating again
at the edge of the dry lake were not rsached by the glider,
Exploration by airplane revealed strong vertical up- and
down-currents over adjoining mountain ranges 20 miles to
the south,

Expedition II, October 12, 1940, late afterncon and
evening.- The wind died down graduslly fron 8 miles per
hour, north, at 3:30 p.m., to a dead calm before sunset
with practically no wind activity aloft. The temperature
ranged between 75° and 80 ¥, and the weather was clealX.

Expedition III, November 24, 1940, afterncon, to
Dominsueg Field.- The sky was clear overhead, but a high
overcast drifted in westward from the ocean. The wlnd was
westerly and very sliight (3 to 6 mph) on the ground, dying
down after 4 pem, Slightly higher winds aloft were indi-
cated by smoke and steam glven off by nearby oil refinery
plants,

Expeditlon IV, Februsry 2, 1941, at Torrey Pines.
The sea breeze was unusually weak, in fact was too slack
to support socaring at the c¢liff, and the flying had to be
discontinued when fog drifted in from the ocsan.

Expedition ¥, May 11, 1941, at Gardens.- The weather
was Tine; the wind veered from the east toward the southe
west. DThe wind speed on the ground averaged less than 5
miles per hour but there were occasional sizable gusts
and small thermals.

Expedition VI, June 21 and B2, 1941, to Rosamond Dry
Lake .~ The weather was cloudless and clear, temperature
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85° to 90° ¥, with a strong gusty desert west wind blowing,
wind veloclty averaging 12 %o 18 miles per hour, wlth gusts
up to 24 miles per hour and lulls down to 8 miles per hour
measured 5 to ? feet above ground. In flights 29 and 33
the air was decldedly rough. ©On the second day, flights

30 %o 31 were mafe in the mnorning before the wind had at-
tained full forcs,

Expedition VII, June 28, 1941, at Gardeng.- Lppreci-
able thermal activity and a west wind of approximately 12
miles per hour with occasional gusts to 15 miles per hour
were followed by lulls to 7 miles per hour recorded 7
feet avove the ground. The weather was clear except for
the edge of 1light ocean fog 8 to 7 mlles to the west.

RESULTS AND DISCUSSION

The various flight parameters as evaluated from the
motion pictures are shown plotted agelinst both frame se-
guence and time on figures 11 to 17 for several represen-
tative flights. Zach of the figures from 11 to 14 com-
prises several graphs. The top portion of the figures
shows the history of towlng force and altitude above the
field. The center plots show airspeed and towing angle
(between fuselage reference line and upper end of towline).
The .lowermost plots show roll and inclination {(fuselage to
horizon). Figures 15 and 17 present the results of the
alrplane towing tests of Expeditions V and VII,

A complete set of figures obtalned in the investiga-
tion are avglilable for reference at the Washington office
of the LIACA.

Zable I presents a synopsis of the gliders flown, the
towing methods used, the number of flights made, and table
II" a chronological log of the individual flights with an
abstract of the results.

The following is a brief survey of the interesting
features of these results, The maximums observed in sach
£flight are entered in the synopsig table.

The extreme peaks of the towing forqe, as observed in
the present series of tests, in pounds and in terms of ——
gross welight W are given in the following table.
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EXTREHE PZAXS OF TOWING FORCE

Type of Forco measired Towlng-
Glidor loconotion : forco
: (1v) | (porcent angle
W) ' (dog)
Bowlus Autonobile 465 | 90 51
Jonsen SV, Y JE 380 850 | -
Bowlus Pulley 340 73 38
Stick Winch 480 92 45 ;
‘Bricgled Airplanc 385 86 In yaw

BObsorvoed on naxinun pointor but not caught on f£ilnm,

Extrone peaks of the towing,K force P, nocasurcd at
tho glidor, invariably occurrod in tho pull~up phaso of _ .
oxtronc -pitch oscillations. They do not, as o rule, coin-—
cldo with tho stcopost pull anglcs a, bocauso"fﬁo in- ;
croascd pull tonds to reducc tho sag of tho towlinc.

Tho grcatost towing forco compononts nornal %o tho
wing chord, inportant as flight londs, can bo dorived as
P cos (o + i), whoro 1 donotos tho anglo of inciionqg
botwoon the chord an? tho referoncoe linc from wialch tho
plottod towing ~ngles wero neasurced., The naxinmun noranal
conponents thus cncountered woro 360 pounds (0,70 W) in
the Bowlus flights, and 350 pounds (0.67 W) in tho winch—
towed Stick flights.

In the Jansen flights the towing—TFforco anglc was noth
neasurod. Obscrvetions frox: tho ground iandicato that an
ostinate of 50° probadly is not far fron the naxinun at-

taincd, This would place tho normal forcc attained at
ebout 250 pounds or 0,33 W, but in thoso fl%ghns the ineli-
naotions worc kopt nodorate by the pilot (14~ for aircraft
referonce lino, 21° for chord at wing root).

Tke towlng-forecec extrencs nre oxcoptional, Peaks
cxccoding BOupercqnt of the extremes wore very rare, but 75
percoent was attalned quito a few tines. Steady loads in
stoep clinabs arc scen fregquently %o average 150 to 250
pounds 1n the autonobile—towed Bowlus flight, and 250 to
350 pounds in the winch-towoed Stick flighi.
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In the pulloy towings, cvon though stcop clinbse as
fast asg 2400 foet poer niaute woro nade, the towing forco
peaks ronched 340 pounds once and 310 pounds soveral timocs.

In the autonobilo~towed Jensen flights the naxinpun
pull of 380 pounds was observed on the maximua pointer bdutb
wos not caught on the film, This veluc is only about 0,50
W in epite of tho vory hizh wind speeds which prevailled
during sone of the tosts, These towing forces nay in part
be characteristio of the symmetrical wing profils.

To some extent any such conperatlve statlstical date
nay be systenntically influenced +by the Aifferonces of
preveiling conditions relating to wind, towing spoeod, and
elinb, The fact that no poaks observes reached quito as
high values in torns of gross welght as those reportel in
reference 1 is interpreted as inslcative of the fact that
thoge deliborate rough-weather flights in 1937, nade Dy zn
acrobatic~trained pilot, comprised unusually severe nansu-
vers not easily duplicated under normnal treining or serve-
ice conditions,

A 11ttle morc light was shed on the pecullar pitch
oscillaptions sonetimes roferred to as porpoising nnd ob-—
gerved in both automoblle and winch towing. The oscillae~
tion periods were nostly between 1 and 2 seconds, in sone
ingtances very regular. In the Bowlus Baby ALldatross
flighis, the type of elevator &id not seen to influence
the character of the porpoising bekavior, but—the inpres-
slon was gathered that the tendency to porpoise was less
‘with the stabilizer—and-fllppers type of eipennage than
with the undanped pendulun type of elevator,

The porpoising motion is to some extent reflected in
the form of the inclination oscillations. Not exactly in
phasge. with the towing force, inclination peaks usually
precede the pull peaks by a fractlon of the period. This
can be ianterpreted to indicate that inertis forces should
not be added to but should be subtracted fron towlang-pull
conponents as far as wing loads in porpolsing are con-
cerned,

That the porpoising phenonenon is not nerely a fannel
phugoid motion 1s indicated dy the fact that the phugold
frequency of the gliders tested is noticeably slower as
obgerved in free fllght afbter release and after deliber-
ately disturbing a steu&y glide (5 to 8 sec).
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Yawing and relling up to *9° ana at periods varying
from 4 to 1l seconds a1d not tend to enhance the towing
forces neasurably in autonobile and winch towing, but Aid

so in airplane towing.- ST

Otherwise, the pull in alrplane towing was nornally
quite low. It averaged less than 100 pounds at airspeeds
linited by the CALA placard. Occasional pezks occur when
the glider, after having coasted on a slack line, begins
To lag behind and the bight snaps taut. Peaks registered
at only 250 pounds- were-already felt as severe Jjolts and
taused quick acceleration of the glider. When passing

. through the slipstrean, the glider is thrown sonewhat out
of i1ts track which nay accentuate the nexzt towing-force
peak consideradbly. '

The deliberate swerving naneuvers execubed on fllght
34 nust be regarded as unusually violent and departing
conslderably from conventional practices, Even so, the
towing—~force peaks stayed nostly below 300 pounds, in spite
of the fact that excessively high airspeed peaks were at-
tained, How nuch the towing force night have increased
had the line not broken at 385 pounds in flight 34 at 530
seconds is, of course, unknowan. However, the Jerks felt
in these naneuvers and the longitudinal and veering accel-
erations imparted -to the glider by the towing-force peaks
were unconfortably severe. %Yet the forces themselves wers
actually lower than the naxinuns observed in autonmodbile,
rulley, or winch towing. In view of the acute angles of
the towing pull agzainst the wing chord in airplane towing,
the contribution of the towing forces to the wing-load
factor is rather insignificant, but the speed increases in
the accelerated phases of the towing Jjerks are signifl-
cant, The increases can readlly becone critical as speeds
in excess of placard speeds can inadvertently be attained
and passage through the propeller slipstrean cam be equive-
lent to a severe gust which, at excessive flight speed,

nay inpose high wing loads and require large control no-

nientse

Arrangenments had been nade.to carry thae towing-force
negsuring instruments, eguipped with a maxinunm pointer,
on a ferry trip in vhich a Cadet glider (the sane one,
G102535, on which the 1937 UACA towing tests reported in
reference 1 had been conducted) was flown in tow by 560
feet of 5/16-inch Xanila rope line behind a Waco UPF7? air-
Plane on May 30, 1941, from Bakersfisld to Hontebello,
California, a distance of 115 niles, 40 miles of which wasg
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over tho sonidesert San Joagquin Valley, 50 nilles over the
rugsed Tehachapi range with peaks of 7000 feet and narrow
gorges, while the last 25 niles led over part of the Los
angeles mebtropolitan aree. The towed flight took one hour
and fifteen nlnutes and was nade at altitudes up to 8100
feet. The towing airplane was powered by a 210-horsepower
Oontinental engine. Unfortunately, due to soue ninor in-
stallation trouble, no guantitative towing-force neasuro-
nents were collected from this flight, However, the pllot
reported that nost of the flight was remarkably senooth and
but few Jerks were felt, even though airspeeds in excess
of 90 niles pexr hour were occasionally reached and in sens
places the towing plane flew through fringes of clouds
hanging low over the nountains, temporarily blotting out
the vlision between the two craft. The greater part of

the second half of the flight wasg made above broken clouds
whore the ailr was stablo. Tho roughost part of tho flight
was the part inncdiatoly following the take—~off when, at
high spoed and low altitude, thernmal currcnts apparontly
rising fron oil- storago tanks wore cncountcrod. The ton-
perature waps noar 90° F and the woathcr thoro was dry and
clcar. Although about throe silzable Jolts woroc folt by
the pilot during tho c¢liab over the broad valloy, thoy
worc inconscquontial, Host of theo time thoe Howline was
falrly taut bececouso of tho high towing spood which avore
aged 78 nllos per hour. During most of tho flight tho
glidor pilot did not fool it noccssary to movo tho con—
trol stick morc than a fraction of an inch to parry gusts.
He flow abovo tho slipstroan o8t of thoe $izme. At omno
instanco, howoveor, Jjust boforc hitting » cloud ovor tho
ond of Antolopo Valloy a sharp roll roguirocd full oppo-
slte control. '

COXCLUSIONS

1, Tho proscnt tosts indicate that in nornal winch
and pulloy towlng the towlng forces aro of about tho sano
nagnitudo as in autonobilo towing and stay below tho
weilght of tho alrcraft.

2¢ In airplanc towing the Fforcoes arc nornally low,
nuch loss than in autonobllc or winch launching, and 1lan a
lossg erltical dilrocction,

3¢ Spcod .-incroasos in tho acceleratod phasce of tho
towing Jorks cncountorecd in alrplanoc towing can roadlly
bocoio eritlcal as spoode in oxcess of placard spocds cnn
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be attalned and passange through the propeller slipsirean
can be equivalent to a severe gust which, at excessive
flight speed, nay inpose high wing loads and require,
large control moments. . , : L

4, In airplone towlng the insertlon of a wenk link
nt the renr end of the towline would seen %o offer the ad-
vantage tlhat 1t would linit the Jerk nnd in cnse of line
severnnce, save the glider pilot fron the necessity of
dropping his end of the line before landing,

5, Althouzh the present tests inclulded several in-
stanceg of hipgh wind, they affordsd no ocpporbtunity to
learn the effects of brnd weather.

Southern Californin Soaring Association, Inc.,
Los Angeles, Cnlif. '
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TAELE I.- GLIDER CHARACTERISTICS AND LAUNCHING METHOD

T
Expodi-| Glidor | Wing he- |Welght| Groew |Bquip-|Gross |Launch- Design | Identifi-
tion | meko |area | Span | poct| ompty|welghtiment (weight| ing Type tow cation
and rotio woight nothod elevator |speed number -
model |{sq £4] (£%) (1v) | () | (aw) | (1b) ' (ph)
I, IT | Bowlus| 156 {44t 6| 12,7 300 | 200 | 15 | 515 | Auto- | I Conven- | 55 NE2173Y
Baby mobilo tional '
Alba= tow 11 Pendnlum
tross
v Bowlms{ 156 |Ult 6" | 12.7| 300 ; 1K0 20 | 470 | Auto- Pondulum| 55 N-21742
Baby mobile B
Al ba- and
trosse pulley ]
1l Stigl-| 160 |46' 23| 13.4] 35 | 160 15 | 520 | Powor Gonven— | 5B H-15539
moior winch tional
otick
¥, VII | Bricg-| 117 {32! 3" | 8.9| 235 | 180 | .35 | 450 | Air- Convon- | 55 NG2E373
leb with planc tional (20 airplane tow)
BG6 chuto tow |
VI Tonson| 180 [55¢ on| 16.8] 430 | 335 | 15 | 780 | Auto- Convon~ | 75 H-28375
two- mobile tional :
soator tow end
flaps
deflocg-
od 15

ppg TOH ©90N TBOFUUDET VOVH

91
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TABLE II.- OHRONOLOGICAL LOG OF FLIGHTS A A
Ixpe- |Flight] Tow |Wind Maneuver Number {Maxi- |[Maxi-|Maxl- Maxi-] Maxi- | Mexi- | Mexi-
dition|number| speed performed of mum | mum | mum | mum aam mum mum
number ) camers| alr jalti-|olimb| tow tow in- roll
frames |{speed | tude force| angle | cline-
(£ P o tion
(mph) |[(mph) (mph) | (£} {min) [(1b) | (deg) | (deg) | (deg)
I 1 50 5 [Normal olimb 861 50 450 800 | 276 |70 33 =7
3 45 8|8tart ») 89 | 45 — — | 815 | (42%)
3 45 |0-10|Steep take- 87 | 43 180 750 | 386 | 35 34
off *)
II. 4 8{8teep climb and 173 | 53 480 | 1300} 465 | 63 18 +g
porpdising
) 2|Take-off *) 100 40 50 - | 180 | 16 13
8 53 3|8teep steady 3563 58 370 800 | 365 | 43 16 +4-5
olimb
7 B1 llModerate por- 223 B7 400 | 1200 ) 350 | 46 14 +4-5
poising :
8 1-3|8teady olimb 480 } 67 500 | 1000 | 310 | 51 14 +3-5
2] 1-3|Porpoising 833 58 560 1000 | 360 | 80 18 +£9
10 0{8teady olimb 450 65 420 1150 | 430 | 57 16 =B
11 B0 Oi8teep olimb and 380 51 410 1000 | 395 | 42 17 +8=3
porpolsing
III 13 3|8teep olimb 395 | 40 450 | 1300 | 380 | 50 78‘3 32 *3
13 3 St:'l?.ﬁ gteady 464 | 43 580 | 1150 | 395 | 64(89%)] 23 +3-3
[} b
14 5|Deliberats 378 | 48 670 | 1300 | 396 | 63 34 +3.5
porpoising
15 6{Miid porpolising 353 47 630 1300 | 410 | 67 38 +3
18 5|gharper 386 | 45 800 | 1075 ) 440 | BS 34 £33
I’poz:pcﬁ-tiins
17 3|Deliberate vio- 418 | 45 530 | 1100 | 480 | 55 28 +23
lent porpoising
18 1 smgi:% steep 377 | 48 800 | 1150 | 440 | &0 a8 +3-1
c
18 Olgteep deliberate]| 4068 | 44 5680 | 1080 | 476 | 65 a7 +3-2
porpoising
20 O|Deliberate wild 393 | 45 540 | 1080 | 370 | 523({66%); 35 +3-4%
yawing N
iv a1 2x17 1listeep oclimd 390 | 39 200 | 1200 | 310 | 53(680%)| 33
a2 3x30 Bj ——— as0-| 47 266 1800 | 340 } 57 34
(%400)
33 3x20 1] «— do ——— 380 | 423 815 310.| 43 30
v 34 |80-85 3|¥ormal olimb +ggg+ 84} {1330 140
35 |eo0-65 3| — do 138% | 8 |1400 | 450 | 300
38 |680-86 4] == do=—- *) 214004- 70 1530 {(70gQ)| 330
+31093
37 |e0-85| 4|Test hop {rons | 84 [18%0 | (8Q0) 170 |
38 |60-~86 4|Flew through 3833 73 3060 6800 | 185 | =7 %=7
slipstream +R080
vi 28 40 18i{8low olimbd 734 | B7 496 400 | 320 14
(800) (_8%8.)(385)
30 40 13 |Moderate 88l | 51 800 8 300 14
climb
31 40 13 |8teady climb 844 82 870 700 | 345 14
32 40 15 [Moderate 793 | 58 780 | 1000 | 300 13}
climb
33 40 18 |{8low oclimb 470 B7 985" 400 | 335 10 -
Vil 34 1] 13|{violent yaw 37356 | 86 |a370 500 | 385
jerks ‘?
35 63 10|0ut turns 183 81 900+ 210

*s) As reported by the towing persomnnel

*) Line broke

x) A% low load only
For short period only
Qbserved but not recorded



o+

NACA Technical Note No.844 Figs. 1,3,3

Figure 1.- Bowlus Baby Albatross glider with camera on col-
lapsible outrigger and instruments.

Figure 3.- Briegleb BG 6 glider.
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Figure 5.~ Hydraulic tensiometer.
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Figure 9.- Release hook on tow plane tailwheel fork.
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Flight No. 4
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Flight No. 23
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Flight No. 28
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Flight ¥o. 28
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Flight No. 38
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Flight No. 29
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Flight ¥No. 22
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Flight No. 34

Fig. 17s

130
120
110
a 100
)
. 90 .
L3
§ 80 1800
70 _ 1400
d -
- I
co N L L a= ~— | Aln apeed 1300 &
c
50 1000 g
a
40 800 e
600<
. Algitude
- " 400
e 200
[+] /
= .0 ot /\
<~ 100 A 200
1 1] e / VY Y NV | Tod fogce
(-]
0
"0 10 a0 30 30 50 ) g0 @0
Time, sec 1 min Camera stopped )
130
130 a
&0
110 =
-
o 100 =18
B 3
. 90 &
3
2 80 £11600
iy 5
70 L1013 400
= ™ Alfitud /‘/ ?
[ G udae o
60 - “ % XTIt spead §{12300 &
o . prs
O e g 1000 ©
B
——1 - 2
o el
40 & 800
“~t o}
-
ol 600
; g
® 200 B 400
A .Q ©
<™ 100 _ Sl 200
" ~ — Tow force =
5~ () - ™MNNT r
[ 3 (OB 7« rrrvrzricis 22727 2deivist - o
100 0 120 130 140 150 180 170 180 190
Caxera stopped Time, sec Oamera stopped

Figure 17(a,b).- Results of flight of Briegleb BGE glider, yawed violently

while in airplane tow.




WACA Technical Note No. 844 Fig. 17b
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Figure 17.- (Concluded)



